INTRODUCTION
============

Clubbing of digits, periosteal new bone formation along the shafts of the tubular bones of the extremities and synovial effusions characterize hypertrophic osteoarthropathy (HOA)^[@b1-kjim-18-2-125-12])^. HOA is divided into two basic types, primary and secondary. Primary HOA is a rare syndrome, not associated with other systemic diseases, and usually occurs in childhood, whereas secondary HOA is associated with various underlying pulmonary and non-pulmonary causes, such as bronchogenic carcinoma and right-to-left cardiac shunts.

Although various intrathoracic malignancies have been associated with the development of HOA, it has been extremely rare for HOA to occur in a patient with a malignant neoplasm of the thymus. Since the first case was reported in 1939^[@b2-kjim-18-2-125-12])^, a few cases have been reported worldwide^[@b3-kjim-18-2-125-12],\ [@b4-kjim-18-2-125-12])^. Recently, we experienced a case of HOA with a thymic carcinoma, and herein report the case with a review of the literature.

CASE REPORT
===========

A 63-year-old woman was referred to our hospital because she had a chief complaint of both leg pains. The pain was noted several months ago without any prior history, such as trauma and it was wax and wane and slowly progressing. She did not have any other systemic symptoms, such as weight loss or fever. She was a nonsmoker and did not drink alcohol. She had never been exposed to toxic or irritating substances. Her past and family history was not contributory except for the diagnosis of hypertension one year before and antihypertensive medication thereafter.

Physical examination at presentation was normal except for tenderness of both the lower extremities and clubbing of the fingers ([Figure 1](#f1-kjim-18-2-125-12){ref-type="fig"}). Laboratory investigation showed no abnormal findings except for mild anemia (Hgb 10.2 g/dL). The plain radiograph of both lower legs showed cortical thickening along the shaft of the tibia and the bone scan revealed diffusely increased uptake along the cortex of both lower extremities ([Figure 2](#f2-kjim-18-2-125-12){ref-type="fig"}). The radiologic findings were not consistent with bone metastasis but with hypertrophic osteo arthropathy (HOA). In order to find the possibility of the secondary HOA, we performed a chest radiograph, which revealed a left mediastinal bulging mass ([Figure 3](#f3-kjim-18-2-125-12){ref-type="fig"}). The chest CT scan confirmed the presence of a soft tissue density mass in the anterior mediastinum with pericardial effusion ([Figure 4](#f4-kjim-18-2-125-12){ref-type="fig"}). For a pathologic confirmation, ultrasound-guided needle biopsy was done on the anterior mediastinal mass. Microscopic examination showed irregular nests of poorly differentiated malignant cells with hyperchromatic and irregular nuclei ([Figure 5](#f5-kjim-18-2-125-12){ref-type="fig"}). According to the microscopic examination, a diagnosis of poorly differentiated thymic carcinoma was made. Thus, we finally diagnosed the patient as a thymic carcinoma with HOA.

DISCUSSION
==========

Hypertrophic osteoarthropathy (HOA) begins as periostitis followed by new bone formation, which is seen as a solid lamination involving the proximal and distal diaphyses of the tibia, fibula, radius, ulna and, less frequently, the femur, humerus, metacarpals, metatarsals and phalanges. As the process of new bone formation progresses, these changes extend to involve metaphyses. The distribution of the bone involvement is usually bilateral and symmetric. These changes are more apparent distal to the knees and elbows. Initial radiological finding is a radiolucent area between the new bone formation and subjacent cortex. In the long-standing process, multiple layers of newly formed bone are deposited and cause cortical thickening. Para-cortical increase of uptake is a characteristic finding of the bone scan study^[@b5-kjim-18-2-125-12])^. Proliferation of connective tissue occurs in the nail bed and volar pad of the digits, giving rise to clubbing. Clubbing is almost always a feature of HOA but can occur as an isolated manifestation. This isolated manifestation of clubbing may represent an early stage of HOA, so it may have the same clinical significance as HOA.

Secondary HOA occurs in association with a variety of underlying disorders, including heart, lungs, pleura, gastrointestinal tract and liver. Although several theories have been suggested for the pathogenesis of HOA, its underlying mechanism is still controversial. However, a number of plausible theories have been proposed^[@b1-kjim-18-2-125-12])^. Among these, one hypothesis is the megakaryocyte/platelet clump hypothesis^[@b6-kjim-18-2-125-12])^. Normally, megakaryocytes are transported to the lung via venous circulation from the bone marrow. Then, most platelets are produced in the lungs, especially, in pulmonary capillaries, by physical fragmentation of cytoplasms of megakaryocytes^[@b7-kjim-18-2-125-12])^, because they are large and cannot pass unchanged through the normal lung vasculature, which is narrow. In patients with disorders associated with right-to-left shunts, such as cyanotic congenital heart disease and severe liver cirrhosis (where the pulmonary circulation is abnormal due to the development of arteriovenous connections in the lungs), these megakaryocytes and large platelet particles may bypass the lung and reach the distal extremities, leading to the interaction with endothelial cells. This interaction in the distal portion of extremities would then result in degranulation and the production of platelet-derived growth factor (PDGF) and other factors, causing proliferation of connective tissue and periosteum^[@b8-kjim-18-2-125-12])^.

HOA has been associated with many different benign and malignant intrathoracic tumors and occurs in 5--10% of patients with intrathoracic malignancies including lung cancer and pleural tumors^[@b1-kjim-18-2-125-12])^. The most frequently associated cancer is non-small cell lung cancer^[@b9-kjim-18-2-125-12])^. In these situations, the tumor itself may supply a vascular shunt from right to left without being filtered through pulmonary capillaries. In addition, platelet function may be altered in lung cancer^[@b10-kjim-18-2-125-12])^. Megakaryocytes are larger in lung cancer than normal and may have increased PDGF synthetic activity.

The relatively frequent association of HOA with lung cancers suggests that some additional factors may be involved in the development of HOA in lung cancer. Growth hormone secretion by bronchogenic carcinoma was suggested for the underlying mechanism of the occurrence of HOA and clubbing^[@b11-kjim-18-2-125-12])^. Mito et al. reported an elevated serum growth hormone level and growth hormone-releasing hormone (GHRH)-producing cells in a non-small lung cancer patient with HOA^[@b12-kjim-18-2-125-12])^.

Recently, vascular endothelial growth factor (VEGF) has been implicated in the pathogenesis of HOA. Silveira et al. reported that plasma levels of VEGF were significantly higher in patients with primary HOA and in those with lung cancer associated with HOA, compared with healthy control. In addition, serum VEGF levels were higher in patients with lung cancer and HOA compared with lung cancer patients without HOA^[@b13-kjim-18-2-125-12])^.

Thymic carcinoma is a rare epithelial neoplasm of the thymus that has a poor prognosis. In the past, malignant thymoma included invasive thymoma and thymic carcinoma. Invasive thymoma has a similar cytological feature to benign thymoma but thymic carcinoma exhibits malignant cytological features. The majority of thymic carcinoma is squamous cell carcinoma either well or poorly differentiated^[@b14-kjim-18-2-125-12])^. The present patient was diagnosed as a poorly differentiated thymic carcinoma.

There has been no explanation for the mechanism of the coexistence of thymic carcinoma and HOA. However, some reports suggest possible mechanisms. Sasaki et al. reported that serum levels of VEGF and basic fibroblast growth factor (bFGF) were significantly elevated in patients with thymic carcinoma compared with those in healthy volunteers^[@b15-kjim-18-2-125-12])^. Therefore, the results suggested that serum VEGF and bFGF might serve as markers for thymic carcinoma and these angiogenic factors could be associated with the invasiveness of thymic carcinoma. On the other hand, Lauriola et al. observed the presence of growth hormone-producing cells in patients with thymoma^[@b16-kjim-18-2-125-12])^. Thus, we measured the serum level of VEGF in the patient by using human VEGF ELISA (enzyme-linked immunosorbent assay) kit (Amersham Pharmacia Biotech, Buckinghamshire, UK). Serum VEGF level was elevated in the patient (1,120 pg/mL) compared with the mean value of healthy volunteers (388 ± 68.9 pg/mL). We also measured the serum level of the growth hormone in the patient. Although it might not have significance because provocation and suppression tests were not done, the serum level of the growth hormone (5.6 ug/L) was not increased compared with a normal control value (\<10 ug/L). However, further study is warranted to evaluate the mechanism of HOA and the relationship between HOA and thymic carcinoma.

The patient was initially treated with external radiation therapy because of poor resectability and increased operative risk. The size of the mass was significantly decreased after completion of radiation therapy. However, new metastatic brain lesion was observed in a brain MRI that was performed when the patient complained of neurologic symptoms. Brain metastasis was known to be rare in thymic carcinoma, so it was also an unusual presentation of thymic carcinoma. Because high serum VEGF has been known to relate with metastasis and invasiveness of cancer and poor clinical outcome, brain metastasis might be associated with elevated serum VEGF in the patient. Considering the possible relationship between serum VEGF and the development of HOA, it may be suggested that HOA could be a poor prognostic sign in thymic carcinoma. In summary, we experienced a rare case of poorly differentiated thymic carcinoma associated with HOA and suggest a possible association between thymic carcinoma and HOA.
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![(A) Bone scan shows diffusely increased uptake along the cortical portions of both lower extremities. (B) Left tibia and fibular X-ray films demonstrate diffuse cortical thickening (arrows).](kjim-18-2-125-12f2){#f2-kjim-18-2-125-12}

![Chest PA view shows left mediastinal bulging (arrows).](kjim-18-2-125-12f3){#f3-kjim-18-2-125-12}

![At carinal level, chest CT scan shows a heterogeneous enhancing mass (arrows) with pericardial effusion in anterior mediastinum.](kjim-18-2-125-12f4){#f4-kjim-18-2-125-12}

![Irregular nests of malignant tumor cells with some necrotic area. Tumor cells show poorly differentiated appearance with hyperchromatic and irregular nuclei and moderate amount of eosinophilic cytoplasm. Mitotic figures are frequently seen (Hematoxylin & Eosin, ×200).](kjim-18-2-125-12f5){#f5-kjim-18-2-125-12}
